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Abstract 
The orthogonal experiment optimum design methodology has been applied in the rotor of the straight-bladed vertical 
axis wind turbine (VAWT). The maximum power of the rotor is selected as the performance target. The fix radius of 
the rotor, the number of the blade, the blade chord and the blade height are selected as the four main factors in 
orthogonal experiment. With the range analysis and the variance analysis of the result, obtained an optimal solution 
for the rotor parameters of the Straight-Bladed VAWT. 
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1. Introduction 
Although the horizontal axis wind turbine (HAWT) is the mainstream wind turbine in the world, and 
its technology has developed more maturely. But with the development of science, the vertical axis wind 
turbine (VAWT) has been concerned more and more widely. Compared with the HAWT, it has many 
advantages. The investigation of the aerodynamic performance on the rotor of the VAWT is the base and 
key of the overall and structure design, because it directly affects the wind energy utilization of the entire 
wind turbine [1]. The main factors which affect the aerodynamic performance on the rotor of the VAWT 
are the fix radius of the rotor, the number of the blade, the blade chord, the blade height, the speed ratio 
and the pitch angle [2]. 
The power of the rotor on the straight blade vertical axis wind turbine was deduced with the 
parameters by the multiple streamtube model theory [3]. The parameters influencing the power of the 
rotor are found out. Appropriate influencing parameters are selected as the main factors to design the 
orthogonal experiment by using the orthogonal experiment optimum design methodology. With the range 
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analysis and the variance analysis of the result, obtained the impact of four main factors on the torque and 
power of the rotor. The aerodynamic performance of the VAWT can be improved by focusing on the 
impact of the main factors. 
2. Theoretical Analysis for the Power of the Rotor and the Influencing Factors 
2.1. Calculation method of the multiple streamtube theory on the straight-blade VAWT 
For the single streamtube model, it assumes that the induced velocity on the swept surface is a constant. 
However the swept surface is divided   into n  steamtubes in accordance with the position angle along the 
wind direction for the multiple steamtube model. The induced velocity in each steamtube is different, thus 
the calculation result is accurate. Top view of the straight-blade VAWT is in Fig. 1. The location and the 
corresponding parameters of any steamtube are shown in Fig. 2.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Top view of the straight-blade VAWT                                 Fig. 2.  Sketch map of the coordinate and the streamtube 
The position angle of the any streamtube on the up and down wind side is defined as  
1 2 1
1( ) / ; ( 1,2, )
2j j j
j n j nϕ π ϕ ϕ= − = − = ""                (1) 
If there are N  blades, the total force which the blades applied on the air of the streamtube in the Y 
direction when the impeller completes one rotation is  
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The attack angle is defined as 
α δ γ= −                                                                                                                                           (6) 
where σ  is the density of the blade, λ  is the speed ratio, tC  is the tangential force coefficient, nC  is 
the normal force coefficient. They are defined as 
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The power coefficient of the rotor is defined as  
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The power of the rotor is defined as  
31
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If the rotor parameters σ , γ , λ  are given, the lift force coefficient ( )lC α  and the drag force 
coefficient ( )dC α  at the corresponding Reynolds number and attack anger can be consulted in the Profili 
soft. The induced factor can be calculated by solving the close equation upon ja  for any streamtube. The 
solving process is as follows: 
0 2 * ', ( / ) ,j j j j nj tj yj ja W V C C F aδ α∞→ → → → →  
First 0ja  is given by a initial value, then a new 
1
ja  is obtained by calculating the equations. If 
1 0 0.001j ja a− > , the iterated calculation should be done until 
1 0 0.001j ja a− ≤ . When the iterated 
calculation is over, the power coefficient and the power of the rotor can be calculated. 
2.2. The influencing factors on the power of the rotor 
By observing the expressions in the last chapter, four factors have great influence on the aerodynamic 
performance on the rotor of the VAWT. Those are the fix radius of the rotor R , the number of the blade 
N  , the blade chord C  and the blade height H . If the incoming velocity, the speed ratio and the aerofoil 
are given, the four factors should be defined according to the design goal. It can be seen that the main 
factors which affect the power of the rotor are the fix radius of the rotor, the number of the blade, the 
blade chord and the blade height 
3. Orthogonal Experiment Optimum Design in the Influencing Factors on the Power of the Rotor 
3.1. The factors and levels of the orthogonal experiment 
The variables that affect the power of the rotor are the fix radius of the rotor, the number of the blade, 
the blade chord and the blade height, so they are selected as the factors of the orthogonal experiment. The 
power of the rotor is taken as the performance target. 
According to the parameters on the rotor of the VAWT as in [6], the incoming velocity is given by 
9V = m/s, the speed ratio is given by 3.5λ = , the aerofoil is selected 0018NACA , the range of the  fix 
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radius of the rotor R  is given by (0.9 1.2)− m, the number of the blade N  is given by 2 5− , the blade 
chord C  is given by (0.08 0.14)− m, the blade height H  is given by (0.8 1.4)− m. Four levels are 
selected for each factor according to the range of the variable, so the four-level table is selected. For the 
interaction between the factors is ignored, and four factors are selected, 516 (4 )L   is the suitable table for 
the experiment [7]. The table on the factors and levels of the orthogonal experiment is in Table 1.  
Table 1: The factors and levels of the orthogonal experiment on power of the rotor 
      Factor   
 
Level 
Fix radius of the blade R (m) Number of the blade N Blade chord C(m) 
Blade height H 
(m) 
1 0.9 2 0.08 0.8 
2 0.95 3 0.1 1 
3 1 4 0.12 1.2 
4 1.05 5 0.14 1.4 
3.2. The combination scheme of the orthogonal experiment and the calculation 
The combination schemes of the orthogonal experiment are list in Table 2. The experiment target 
result is obtained by calculating the power of the rotor on the expressions in the Section II. 
Table 2: The combination schemes and the target result 
No 
Factor Power 
P(W) R(m) N C(m) H(m) 
1 0.9 2 0.08 0.8 74.46 
2 0.9 3 0.1 1 174.57 
3 0.9 4 0.12 1.2 335.15 
4 0.9 5 0.14 1.4 570.13 
5 0.95 2 0.1 1.2 139.68 
6 0.95 3 0.08 1.4 195.5 
7 0.95 4 0.14 0.8 260.62 
8 0.95 5 0.12 1 349.11 
9 1 2 0.12 1.4 195.54 
10 1 3 0.14 1.2 293.2 
11 1 4 0.08 1 186.2 
12 1 5 0.1 0.8 232.69 
13 1.05 2 0.14 1 162.87 
14 1.05 3 0.12 0.8 167.58 
15 1.05 4 0.1 1.4 325.82 
16 1.05 5 0.08 1.2 398.97 
4. Analysis of the Orthogonal Experiment Result  
4.1. Range analysis 
From the experiment result in Table 2, it can be seen that the power of the No.4 experiment is maximal. 
But the No.4 test may not be the optimum combination scheme. The deep analysis should be done to find 
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the better scheme [8]. The average value of the power at each level are represented as 1K , 2K , 3K , 4K  as 
in Table 3. The optimum combination obtained on theory is that R is given by 0.9m, N  is given by 5, C  
is given by 0.14m, H is given by 1.4m. It is the combination that the average value of the power is 
maximal. The trend curve for each factor is in Fig. 3. 
Range is the difference between the maximum and the minimum of the average of the target, and it is 
represented as R . The value of R  reflects the extent of the variable influencing on the target. From the 
range analysis in Table 3, it can be seen that the range value of N is maximal, H is smaller, C is even 
smaller, and R  is the smallest. It shows that the number of the blade has the greatest influence on the 
power of the rotor, the blade height has less influence on that, the blade chord has little influence on that, 
the fix radius of the rotor has smallest influence on that. As the bigger the power of the rotor is, the better 
the aerodynamic performance of the rotor is, the optimum combination is selected as 
0.9R = m, 5N = , 0.14C = m, 1.4H = m. The optimum parameters on the rotor of the VAWT by 
orthogonal experiment optimum design are 0.9R = m, 5N = , 0.14C = m, 1.4H = m. 
Table 3: Range analysis 
No 
Factor 
result R N C H 
K1 1154.31 572.55 855.13 735.35 
K= 
1550.9 
K = 
387.72 
K2 944.91 830.85 872.76 872.75 
K3 907.63 1107.79 1047.38 1167 
K4 1055.24 1550.9 1286.82 1286.99
1K  288.577 143.137 213.782 183.838
2K  236.227 207.713 218.190 218.188
3K  226.908 276.947 261.845 291.75 
4K  263.81 387.725 321.705 321.748
Range R 61.669 244.588 107.923 137.91 
Order of the 
factor N→H→C→R 
Optimum 
combination R=0.9m，N=5，C=0.14m，H=1.4m 
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Fig. 3.  Trend curve of the level on each factor 
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4.2. Variance analysis  
Range analysis shows the order of the variance influencing on the target by intuition. But it did not 
make a distinction between the undulation caused by the different variable levels and the undulation 
caused by the experiment errors. It also provides no standard on estimating whether the influence of 
variable is noticeable. In order to solve the problem, the variance analysis is necessary. 
The result of the variance analysis is in Table 4. It shows that the number of the blade and the height of 
the blade have noticeable influence on the power of the rotor. The ratio F of the number of the blade to 
the power of the rotor is 1.458, it has the most noticeable influence. The ratio F of the blade height to the 
power of the rotor is 0.542, it has less noticeable influence. The ratio F of the blade chord to the power of 
the rotor is 0.335, it has unnoticeable influence. The ratio F of the fix radius of the rotor to the power of 
the rotor is 0.104, it has little influence. 
Table 4: Variance analysis 
Factor Square sum of the deviation DOF F ratio Critical value of F Significance 
R 9366.592 3 0.104 4.760  
N 131367.732 3 1.458 4.760 * * 
C 30181.030 3 0.335 4.760  
H 48880.163 3 0.542 4.760 * 
Error 180247.89 6    
5. Conclusion 
The optimum solution obtained by the orthogonal experiment optimum design is similar to the other 
optimum design. It reached the purpose of optimizing the rotor of the VAWT. 
The number of the blade is considered as continuous variable in ordinary optimum design, but the 
result of the optimum design may not be integral. The result usually needs to be corrected to be integer in 
order to fit reality. As a result, the optimum result diverges from the accurate value probably. In the 
orthogonal experiment design, the number of the blade is selected as integer factitiously, so the optimum 
result does not need to be corrected.  
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